Objetivo: Avaliar a eficácia de um novo marcador cirúrgico para ajudar na confecção da capsulorrexe anterior analisando o seu dimensionamento e formato, comparando com a capsulorrexe confeccionada manualmente de maneira livre. Métodos: Como experimento, 3 residentes (R3) de Oftalmologia do Hospital Universitário Onofre Lopes (HUOL) e 1 oftalmologista em treinamento, voluntários, realizaram (cada um) 10 capsulorrexes em olhos de porco enucleados. Em 5 olhos foi utilizado o marcador e em outros 5, não. Todos os olhos foram fotografados tendo ao lado uma régua para orientar e calibrar um aplicativo para a avaliação morfométrica do procedimento. O diâmetro alvo foi de 5 mm, cujo perímetro correspondente é 15,7 mm e a área 19,652 mm 2 . Foram avaliados em cada procedimento: os diâmetros máximo, mínimo e médio, o perímetro, a área e o desvio em relação ao diâmetro e quanto ao aspecto ideal. Resultados: No grupo utilizando o marcador o diâmetro médio foi 5,44mm (±0,89) contra 6,37mm (±0,67) (p=0,001), no grupo no qual não se utilizou o marcador; quanto ao perímetro, 17,52mm (±1,92) no grupo utilizando o marcador contra 20,14mm (±2,09) (p<0,001) sem o marcador e quanto a área, 24,73mm 2 (±1,92) com o marcador, contra 32,62mm 2 (±6,32) (p<0,001), sem o marcador. Em relação ao aspecto da capsulorrexe 1,26mm (±0,12), contra 1,21mm (±0,7) (p=0,09) e em relação ao desvio de curvatura: 0,87 (±0,05), contra 0,9 (±0,04), (p=0,06) respectivamente. Conclusão: O trabalho mostrou que o marcador avaliado é eficaz para auxiliar a confecção da capsulorrexe conduzindo a resultados melhores que o método a mão livre.
INTRODUCTION
T his work aims to evaluate the efficacy of a new surgical marker to help in the preparation of the anterior capsulorhexis by analyzing its size and shape, comparing it to the capsulorhexis made manually in a free way.
Cataract surgery with intraocular lens implant is the most performed surgical procedure in the world. In the United States of America, for example, more than 3 million surgeries are performed per year, and the benefits conferred on operated patients are remarkable. (1) In Brazil it is estimated that there are about 550,000 new cases per year. (2) Despite the significant advances in the surgical technique in the last four decades, the main steps of surgery depend on the surgeon's manual ability.
One of the most important maneuvers of surgery, which is the making of continuous and circular capsulorhexis, is routinely carried out by the free hand, using a cystotome or an appropriate tweezer for that purpose, having as reference the pupillary margin and aiming a diameter that covers the entire edge of the intraocular lens evenly. (1) Even in more experienced hands, an ideal capsulorhexis is not always achieved. The procedure is especially difficult in cases of small diameter pupils with shallow anterior chamber, zonular fragility, poor corneal transparency, in pediatric cataracts, mature cataracts, and capsular fibrosis. (3) Adequately made capsulorhexis makes hydrodissection, hydrodelineation, nucleus maneuvers during phacoemulsification and cortical aspiration safer. The ideal capsulorhexis should be circular, well centered and cover 0.5 mm at the 360° edge of the lens, (4) which makes the intraocular lens completely within the capsular bag and at the effective position of the lens presumed by the formula for calculating the power of the lens, making postoperative refraction as predictable as possible. (3) The performance of new intraocular lenses, especially socalled "premium lenses", which include multifocal, aspherical, toric and accommodative lenses, is directly related to regular capsulorhexis, of adequate size and centralization. (3, 5) But badmade capsulorhexis may lead to decentration of the lens and, especially in the case of multifocals, unwanted optical aberrations. (3) For more than a decade, Femtosecond Laser has been developed and used for anterior segment surgeries, such as flap making for Lasik and recently for cataract surgery. One of the main arguments for its use is the making of a perfect capsulorhexis. (4) In this sense, Kránitz et al., comparing the manual capsulorhexis with the one made with Femtosecond Laser, demonstrated that the latter is superior in shape, size and centralization. (4) Nevertheless, the use of this new device presents an irmportant limiting factor in public health in our environment, which is its very high cost.
After an experience of more than 20 years teaching Residents to cataract surgery at the Ophthalmology Service of Universidade Federal do Rio Grande do Norte (UFRN), it was observed that for safety and reproducibility in the surgery there was the need to standardize the confection of capsulorhexis. This observation led the researchers to idealize and develop a specific instrument for this purpose. Then, they proposed to develop a low-cost marker capable of helping teach the correct preparation of capsulorhexis in its size and shape.
METHODS
The marker developed for the accomplishment of the capsulorhexis is formed by two separated pieces made of surgical stainless steel, each piece in its distal end having a semicircular format with a diameter of 5.0 mm, and thickness of 1.0 mm. This semicircle is attached to the cable by a rod of the same thickness, also with 5.0 mm in length and inclined 5° in relation to the semicircles and 15° in relation to its cable. The semicircle marking the capsule was milled on its face towards the crystalline to retain more dye and thus impregnate the anterior capsule of the crystalline (Figure 1 ). This research had the participation of three volunteers, training physicians of the third year of the Ophthalmology Residency at Hospital Universitário Onofre Lopes da UFRN, who already have basic skills in the execution of cataract surgery, and another volunteer ophthalmologist undergoing specialization in cataract surgery, which were selected to perform the experimental procedures.
Each of the 4 participants performed 10 anterior capsulorhexis on enucleated pig eyes, for a total of 40 eyes. These eyes were used in the experiment less than 48 hours after enucleation. Of the 10 capsulorhexis performed by each of the volunteer physicians, 5 were made "freehand" as usual, and 5 using the new marker developed for that purpose. The 5 "freehand" procedures performed were made using a tweezers for capsulorhexis model Jones-Inamura millimeter, to give guidance as to the size of the same to the surgeon. The same tweezer was used for the capsulorhexis made with the use of the marker.
Although postmortem human eyes are ideal for any experiment, it is still unfeasible to get them in enough amount, with the pig eye being the closest alternative to enable eye surgeon training practically all over the world. (6, 7) Prior to capsulorhexis, regardless of technique (with or without marker), the anterior capsule was stained with 0.3 ml of trypan blue 10%. An air bubble was then injected into the anterior chamber, and then 0.05 ml of a solution formed by 0.3 ml of formaldehyde 30% with 0.7 ml of methyl cellulose 2% was gently injected over the anterior capsule with a 25-gauge cannula introduced through the limbus to harden the anterior capsule of the pig's eyes to become more similar to the human eyes (8) . After 1 minute, the anterior chamber was filled with methylcellulose 2%.
When the new capsulorhexis marker was used, it was previously stained with methylene blue on its face towards the crystalline, and then introduced into the anterior chamber, one semicircle at a time. With the marker in the anterior chamber, a slight pressure was applied on the anterior capsule of the crystalline in order to mark it, then the capsulorhexis was operated with tweezers.
In the eyes where the marker was not used, after the same hardening process, the anterior capsule of the crystalline was stained with trypan blue 0.1%, and the anterior chamber was filled with methylcellulose 2%, and then capsulorhexis was made freehand. The target diameter of the capsulorhexis was 5 mm for all cases.
The order of physicians to perform the procedure was established at random, as well as the first technique to be done (with or without marker) in order to randomize the experiment. After the capsulorhexis was completed, the capsules were photographed using the surgical microscope Verion TM Image Guided System (Alcon Fort Worth-USA), with a millimeter ruler placed next to the cornea to guide and calibrate the application that analyzed the dimensions of capsulorhexis. This morphometric evaluation application was specially developed for the analysis of this experiment by Cambuí Labs. (Natal, Brazil) because there was no software in the market that would meet our needs.
The capsule analysis application was created based on the integrated development environment and the free software from Apple Inc. called Xcode. The XCode used in the project was the version available at the time (6.2), having tools to create applications in a simple and powerful way. This programming environment can be obtained directly from the Apple developers website (http://developer.apple.com/) at no cost to the user and free to use.
This system captures the image selected and is calibrated for the analysis of the dimensions by adjusting it to the millimeter ruler photographed beside the eye studied.
It is centered on the capsular tissue removed by the capsulorhexis. The contour of the capsulorhexis is then manually marked, and then the system automatically analyzes the desired parameters, as shown in figure 2.
The morphometric system used allowed to evaluate the following parameters of the area corresponding to the capsular tissue removed by capsulorhexis: maximum diameter; minimum diameter, mean diameter; mean ray; aspect relation to a perfect circle; and deviation from the curvature. These data allowed the exact evaluation of the capsular tissue removed during the surgical maneuver, and was used in the comparison between capsulorhexis techniques in eyes treated by the same surgeon and in the interpersonal comparison of the four surgeons.
The indicator of the standard to be reached was considered when the capsulorhexis dimensions were within a range of more or less 1.0 mm from the target of 5.0 mm diameter in all meridians measured. Regarding the statistical analysis, it was made with the program Stata 11 (Stata Corp. TX, USA). Multiple regression was used to test the mean difference between the two groups, being adjusted for the operator's category.
Methylene blue is the dye used in the pens for surgical marking. In order to reduce the cost of this experiment, we used pens already used in other surgeries to mark the astigmatic axis. As they would be discarded, they were used for dyeing the marker, which due to being enucleated pig eyes are not danger for toxicity. Pens with trypan blue can be ordered for use in human eyes, which is the best indication.
This research project was previously submitted to the approval of the Research Ethics Committee of UFRN in accordance with Law 11.794/2008 of the Ministry of Health.
RESULTS
With respect to the circumference, we know that the perimeter of a circle of 5 mm is 15.7 mm, this being the target circumference for the experiment. In the group SEM (without marker) the average was 20.14 mm (± 2.09), versus 17.52 mm (± 1.92) in the group COM (with marker), which leads to a difference in the group that used the marker of -2.62 mm in relation to the group SEM, this difference being statistically significant with p <0.001.
Regarding the area, whose measure corresponding to a 5.0mm diameter circle is 19.652 mm2, the group SEM obtained an average of 32.62 mm2 (± 6.36), whereas the group COM had an average of 24.73 Mm2 (± 1.92). Therefore, the group that used the marker reduced 7.881 mm2, which is statistically significant with a p <0.001.
In the evaluation of the maximum, minimum and mean diameters there was also a significant difference closest to the ideal (5.0 mm) in the group that used the marker, as shown in the spreadsheet for calculating differences (p = 0.001).
At the maximum diameter, the group SEM had a mean of 7.01 mm (± 0.73) versus 6.20 mm (± 0.76) of the group COM. At the minimum diameter, the group SEM had an average of 5.83mm (± 0.68) versus 4.93mm (± 0.59) of the group COM, and in the mean diameter evaluation the group SEM had 6.37mm (± 0.67), whereas the group COM had 5.44 mm (± 0.89).
In the deviation for the ideal curvature, the group SEM had 0.9mm (± 0.04) of deviation and the group COM had 0.87mm (± 0.05) deviation, a difference that, although smaller, with a p = 0, 06, is not statistically significant, as well as the average of the capsulorhexis aspect ratio, which was 1.21 (± 0.07) in the group SEM versus 1.26 (± 0.12) in the group COM, whose p is equal to 0.09.
These measures show that the group in which the marker was used was much closer to the target, which was a morphometrically uniform capsulorhexis with 5 mm in diameter. Table 1 below shows the results of the statistical analysis of the work. Figures 3 to 7 show the comparative graphs of the groups with and without the use of the marker for capsulorhexis orientation.
Figure 3:
Comparison between the mean capsulorhexis circumferences produced without and with the new marker under study. The circumference produced when using the new marker is significantly closer to the target value of 15.7 mm (* p <0.001, multiple regression testing the difference of means between the two groups by adjusting for operator category).
Figure 4:
Comparison between the mean capsulorhexis areas produced without and with the new marker under study. The mean area produced when using the new marker is significantly closer to the target value of 19.625 mm (* p <0.001, multiple regression testing the difference of means between the two groups by adjusting for operator category). 5 : Comparison between the means of maximum, mean and minimum diameters of capsulorhexis produced without and with the new marker under study. The diameters produced when using the new marker is significantly closer to the target value of 5 mm (* p <0.001, multiple regression testing the difference of means between the two groups by adjusting for operator category).
Figure 6:
Comparison between the mean Aspect Ratio of capsulorhexis produced without and with the new marker under study. No significant difference was observed between the two methods (p = 0.09, multiple regression testing the mean difference between the two groups by adjusting for operator category). Although there was no significant difference, there was a tendency for a smaller deviation of curvature when the new marker was used (p = 0.06, multiple regression testing the difference of the means between the two groups by adjusting for operator category).
DISCUSSION
A continuous curvilinear capsulorhexis is essential for the success of a phacoemulsification with safe intraocular implant lens because it allows maneuvers such as hydrodissection, adequate cortical cleaning, intraocular lens centration, as well as inhibits posterior capsule opacification (PCO). (9) An ideal capsulorhexis that prevents PCO should be well centered and with enough diameter to cover precisely the margin of the intraocular lens. Studies have shown that coverage of the lens edge is an important protective factor in PCO development rather than the design of the lens edge. (9, 10) The size of the capsulorhexis is also related to the better positioning of the lens in a postoperative evolution. If it is too small or too large, it may cause the lens to be offset or inclined. (6) The present study showed that capsulorhexis made with the aid of the new marker presented reproduce diameters, areas and circumferences significantly closer to the target parameters than those produced by the free hand. It should be emphasized that this differentiation between the techniques was obtained even in the hands of trained and theoretically less experienced cataract surgeons. This data corroborates the greater ease of the surgical marker tested in the execution of this critical stage in the cataract surgery.
The centering and deviations from a perfect circle tended to present better responses with the help of the new marker than those produced by the free hand, although they were not statistically significant. In this sense, probably an increase in the number of experiments could provide better discrimination.
The marker tested provides a concrete reference for the size and shape of the capsulorhexis and it is probable that a system that ensures its better centration can further enhance the characteristics of the capsulorhexis produced. In the experiment, the centration depended on the subjective observation of the surgeon through the microscope, without the aid of a system such as Verion (Alcon Laboratories, Inc., Fort Worth, TX) which was subsequently used to evaluate the resulting capsulorhexis. As the objective of the study was to seek a less costly option than a femtosecond laser in the construction of capsulorhexis, it could not rely on a sophisticated intra-operative positioning system. An improvement in the marker used still lacks better development also seeking a better centration of the capsulorhexis.
Other studies show a better accuracy in the size and shape of the capsulorhexis performed with the femtosecond laser when compared to the manual technique (1, 3, 4) , as should also occur if a digital marker system is used. However, because they are extremely expensive technologies, the development of devices such as the one tested in the present study has great socioeconomic importance for the national reality, since it brings quality in cataract patient care, as well as economic viability, increasing the efficiency of our public health system.
Cataract surgery is the most commonly performed surgery in the world, and according to the World Health Organization (WHO), cataract remains the leading cause of blindness worldwide. (11, 12) It is also one of the major national health problems. (13) Due to this demand and the difficulty of funding by SUS, it is necessary to look for options that are more cos-effective as the technique proposed by the present study.
Another advantage to the system tested in this study is in the area of teaching the surgical technique that can bring safety
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One of the problems faced when teaching surgical procedures is to find models that simulate the clinical conditions that the student will face in real life. The ideal model would obviously be to use human cadaver eyes, (6, 7) but having them available in enough numbers for training is practically impossible in our environment.
Pig eyes are the most similar in size to human eyes; however, there are some very different characteristics, and the main one is the anterior capsule of the crystalline with much more tension and elasticity, which makes it very difficult to teach capsulorhexis. (6, 14) According to Sugiura et al., the formalin fixation of the crystalline capsule of the pig's eye makes them more similar to those of human eyes. Their technique is to inject formaldehyde behind the iris, inside the lens, underneath the anterior capsule with a 27 gauge needle, waiting 10 minutes to have a cataract with capsule and nucleus similar to the human's (7) . This technique, however, presents two difficulties, namely: it demands time between one procedure and the other, and requires the ability to perform it without damaging the anterior capsule. In this sense, Chigusa et al. 6 suggest an easier and more reproducible technique (already described in the Methods), and for this reason used in the present experimentation.
CONCLUSION
The present study showed that the new surgical marker is effective to help the preparation of capsulorhexis, leading to better morphometric results than the freehand method, and very close to the desired target objective both in its dimensioning and its format, besides being able to serve as model for teaching ophthalmologists in trainings for cataract surgery.
